Introduction
The sugar industry is one of the key segments of the food industry. This industry is also well known as one of the most energy-intensive in the field of food and chemical industry. In 1999, the total quantity of produced sugar was summarized. It was reported that the production reached 16 700 000 tones, while the total value of the produced sugar was 8924 million EUR. A significant quantity of thermal energy was consumed for the evaporation and beet pulp drying, as well as electrical energy needed for the pumps and for driving the centrifuges. According to CEFS, specific energy consumption was 31.49 kWh/100 kg beet in 1998 (IPPC, 2003) . In a Greek study, a figure of 280 kWh/t is given for the electrical part of the energy consumption in sugar manufacturing (IPPC, 2003) . While the overall water used is about 15 m 3 /t sugar beet processed, the consumption of fresh water is 0.25 -0.4 m 3 /t sugar beet processed, or even less in modern sugar factories. Water consumption depends on the activities of each installation, e.g. more water is consumed in an installation that extracts and refines sugar beet compared to the one that does only one of these activities (IPPC, 2003) . For example, the consumption of water in Austria was reported at a level of 1.5 m³/t of sugar beet processed, which is equivalent to 9 m³/t of produced sugar (IPPC, 2003) . The transport water has high organic contamination due to the soil and sugar from damaged beets. Its COD is 5000 -20000 mg/L. Waste water with high BOD levels is produced in large volumes (IPPC, 2003) . Despite the fact that the sugar industry is one of the causes of the environmental pollution, not enough has been done on its improvement. The technology applied in almost all European sugar factories is based on the traditional principles and methods. The major steps in the traditional sugar beet processing are (Poel Van der et al., 1998) : i) Pre treatment -Washing and slicing of the sugar-beets into cosettes are the initial operations;
ii) Extraction -The sugar is counter-currently extracted from beet cosettes to obtain raw juice and beet pulp. The raw juice is thermally unstable at temperatures above 85 o C. The beet pulp can be used as cattle feed or can be modified to obtain fibers for human feed; iii) Beet juice purification -Milk of lime and karbonation gas CO 2 , both produced in a separate facility, are applied. Coke and limestone are used for the production of CaO and CO 2 . The lime usage of the conventional process is about 2%/beet. Classical juice purification consists of liming, carbonation, sludge separation and sulphitation. However, this process removes only a part of non sugars from the sugar juice (proteins, pectins, inorganic salts and colouring substances); iv) Beet juice concentration -By multi-effect evaporation the thin juice with a dry substance content of 14-16% is concentrated to thick juice with 60 -75% of dry matter; v) Crystallization -Further evaporation of water leads to crystallization and growth of crystals. Sugar crystals are separated by centrifuge from the syrup. The separation occurs in three stages. The molasses is the by-product from which the crystallization is not possible.
Governments of the developed countries have tried to increase the pressure on the largest waste producers in order to reduce the undesired environmental pollution. For example, the Commission of the European Communities introduced the Integral Pollution and Prevention Control Directive (Council Directive, 1996) . The purpose of the directive is to achieve integrated prevention and the control of pollution arising from the particular activities listed in its Annex I. Among others, the directive defines the Best Available Techniques (BAT) as the most effective and advanced stage in the development of activities and their operation methods which indicate the practical suitability of particular techniques for providing in principle the basis for emission limit values designed to prevent and, where that is not practicable, generally to reduce emissions and the impact on the environment. The European IPPC Bureau published a relevant document (BREF) where the BAT for the Food, Drink and Milk Industry are presented (IPPC, 2003) . To a larger extent, the general techniques commonly used in this industry are described. However, no BAT is described relating specially to sugar beet production. Detailed information can be found in chapter 4, under the title Techniques to Consider in the Determination of BAT. The chapter contains a list of various pollution prevention, waste minimization and energy efficiency techniques applied in industry that are described everywhere, e.g. in books, journals, leaflets, the internet, etc. Recent research in the sugar industry has been focused on the development and implementation of new technologies and/or the particular unit operations, which would replace the traditional ones. The separation operation deserves special attention because of its significant consumption of water end energy. Up to now, very few large-scale membrane separation processes have been applied in the sugar industry worldwide despite the encouraging results of numerous investigations published in the literature (Kwok, 1996; Willet, 1997; Chou, 2002; Lipnizki et al., 2006) . In principle, all the separations in sugar production from beet or cane juices could be performed with appropriate membrane separation processes. In practice, however, regarding the high capacities of the sugar factories and relatively low price of sugar, the investment in an imaginary factory, operating exclusively with membranes or with other new environmentally friendly separation methods, would still be to high. The other approach is to find those membrane separation processes which could be advantageously embedded into or combined with the traditional technology to increase the effectiveness of the sugar production as a whole. This latter concept is closer to the actual state of the industry.
In the membrane separation technique water is used periodically to clean the separation equipment. The frequency of cleaning and the volume of water used vary depending on the product and equipment. Waste water from washing as well as from the process itself (in the form of separated waste products) contains dissolved non-sucrose compounds. Membrane separation as a pressure driven process requires electrical energy. The achieved environmental benefits are as follows: reduction of levels of the suspended, colloidal and dissolved solids in water, reduction of phosphorus levels and collection of waste water streams, thus reducing their volume prior to further possible treatment (IPPC, 2003) . Also, it is possible to recover the expensive ingredients for re-use as well as to recover water for reuse. Problems may arise from the fouling of membranes and gel polarization. Since the flux rates through membranes are relatively low, an extensive membrane area is required.
Short History of Investigations
Investigations of membrane separation processes have started through their combinations with the traditional processes. It was already mentioned, the traditional raw juice purification involves non-sugars precipitation with lime. Surplus Ca(OH) 2 is eliminated by the CO 2 gas. Sludge produced is then filtrated through filters and pressed in the filter presses. Not only waste is produced in this process but an additional lime production plant would be needed, where solid waste (stones, sand, etc.), wastewater and waste gasses are produced. Urbaniec (Urbaniec et al., 2000) proposed an alternative process instead. Raw juice purification by the lime is replaced by screening and micro-filtration followed by low temperature evaporation. It is also well known that the conventional concentration of thin juice by evaporation requires about 50% of the total energy. In order to decrease this amount, nanofiltration and reverse osmosis has been considered as pre-concentration step before evaporation (Cartier et al, 1997; Gosh et al., 2000; Gosh & Balakrishnan, 2003 ). An overall concept for treatment or raw juice with polymeric hollow fiber microfiltration is the A.B.C. process which combines a continuous screening with ultrafiltration followed by softening and alkaline adjustment before evaporation and adsorption (Wilett, 1997). Madsen, Nielsen and Attridge studied the raw beet juice purification by ultrafiltration and microfiltration (Madsen, 1973; Nielsen et al., 1982; Attridge et al., 2001 ) using polymeric membranes. Apart from using polymeric membranes, the use of inorganic -ceramic and metallic-membranes to achieve commercially interesting fluxes and permeate purities has been investigated. Hinkova et al. (Hinkova et al., 2002) observed that the filtration of diluted raw juice concentrate with ceramic membrane led, at a pilot scale, to a significant decrease in colloids and colour matters resulting in juice suitable for direct crystallization. Schrevel (Schrevel, 2002 ) compared the results obtained on different membranes in different module configurations. He concluded that supplementary treatments of the beet juice, such as prefiltration and pre-liming with carbonation, aid the ultrafiltration and guarantee the required sugar quality. Tebble et al. (Tebble et al., 2002) have proposed the integration of membranes, in a side stream approach, to reduce the need for lime and to boost the overall capacity of the raw juice purification. Kochering et al. (Kochering et al., 2003) have combined microfiltration and ultrafiltration for lime free raw juice purification using an ion exclusion process. Here membrane filtration is used after a clarifier and followed by softening, evaporation and chromatography for the elimination of non-sucrose and colour. The result is high quality of white sugar. Koekoek et al. (Koekoek et al., 1998) tested nanofiltration spiral wound and tubular modules for the concentration of thin juice. In spite of the acceptable fluxes at the beginning of the process, the long term performance of the membranes was disappointing due to fouling. Cleaning could not restore the initial fluxes. Similar results were obtained by Hinkova et al. (Hinkova et al., 2002) . Beside application of membrane separation processes in sugar juice purification, there where attempts to use reverse osmosis to recycle pulp press water (Bogliolo et al., 1996) or to recover pectin from sugar beet pulp (Hatziantoniou & Howell, 2002) . Our early investigations on membrane separation of sugar-beet juices has started with the experiments on polymeric membranes (Eszterle et al., 2000; Gyura et al., 2001; Gyura et al., 2002a; Gyura et al., 2002b; Eszterle et al., 2003) at temperatures whose limit was 60 o C, according to the physical characteristics of the applied polymer materials (polyethersulfone and polyamide). Further investigations were performed on ceramic membranes which allow ultrafiltration of sugar juices at 80 o C. In this way, a simulation of real process was possible. At the same time, a turbulence promoter was introduced and the efficiencies of processes, without and with the application of static mixer, were compared (Šereš et al., 2005, Šereš et al., 2006a; Šereš et al., 2006b ). Analysis of working conditions as significantly important factors in ultrafiltration and nanofiltration processes were investigated at a laboratory level and the obtained results were used for suggesting optimal conditions Djurić et al., 2004; Gyura et al., 2005) . The suggestions mostly rely on the analysis of experimental values, but some of them suggested optimal solutions by using adequate mathematical models. Djurić et al. (Djurić et al., 2004) proposed the flux models as functions of concentration factor, flow rate, temperature and transmembrane pressure as independent variables. The suggested mathematical model enables prediction of separation time if the permeate fluxes as well as the initial and final concentrations of undesired nonsucrose compounds are known. Similar to the research related to the purification of raw beet juice, the use of microfiltration and ultrafiltration for the purification of cane juices was investigated (Hamachi et al., 2003 , Martoyo et al., 2000 . Experiences acquired through these investigations might be of broader importance and will be presented shortly. In 1994, the first New Applexion Process was installed in a cane sugar factory (Kwok, 1996) . The ultrafiltration stage was designed to treat 380 L/min of pre-filtered limed clear juice after the clarifier. A modification of the above mentioned process was developed by Chou (Chou, 2002) . Also the A.B.C. process has been adopted for cane juice purification (Willet, 1997) . Martoyo (Martoyo et al., 2000) described the successful application of spiral wound ultrafiltration elements for the prefiltered/screened raw juice with fluxes in economically interesting range (up to 120 L/m 2 h). The applicability of spiral wound modules was approved by pilot tests but with lower fluxes (Gosh et al., 2000; Gosh & Balakrishnan, 2003) . More recently, membrane distillation became one of the latest technologies introduced to cane industry. By this process two streams with different temperatures are separated through a non-wetted microporous membrane. The driving force of the mass transfer is the vapour pressure difference resulting from the temperature gradient across the membrane (Nene et al., 2002) . Despite purification steps before the concentration, cane sugar juice still contains high-molecular mass components. Microfiltration and ultrafiltration have been proposed as decolourization and purification methods. Dornier et al. (Dornier et al., 1995) focused their investigations on the performance of tubular ceramic microfiltration membranes. Cartier (Cartier et al., 1996a and 1996b ) studied the influence of flocculation which preceded the microfiltration and ultrafiltration with tubular membrane. The most promising was the 300 kDa membrane allowing fluxes of 65 L/m 2 h. The decolourization rate was 50% while the removal of turbidity was 90%. Decloux et al. (Decloux et al., 2000) concluded that ceramic membrane with 15 kDa has the best decolourization rate at 60 o C. In 2003, Hamachi and co-authors highlighted the limitations of using ultrafiltration for decolourization (Hamachi et al., 2003) . It was found that even with membranes of 1 kDa colour removal would not exceed 60% while the flux decreased below 30 L/m 2 h. Key success factors for an efficient application are both pre-treatment and operating conditions (Lipnizki et al., 2006) .
New Trends
The commercial application of ultrafiltration, for the separation of non-sucrose compounds, is limited because of the concentration polarization and progressive fouling of the membrane. It can be expected that the molar mass of colourants increases while the density of sugar juice increases due to the polycondensation reactions favored at low water contents. According to the gel chromatography measurements (Anyos, 1984; Godshall et al., 2002) , approximately 35% of all colourants, present in the initial sugar juice, have the molar mass higher than 4000 g/mol, while 51% and 81% of colourants, with the mentioned molar mass, are present in solution of the 2nd and the 3rd sugar. It can be concluded that elimination of colourants by ultrafiltration would be more efficient in the case of the raw sugar solutions of the 2nd or 3rd crystallization then in the case of the thick juice. The second important reason for applying ultrafiltration on thin juices might be the smaller quantity of these juices compared to the thick juice. Namely, the required membrane surface is proportional to the quantity of treated solution. In the industrial application permeate is to be sent to the 1st stage of crystallization and the darker coloured retentate into the 3rd stage of crystallization. The described phenomena cause decline in permeate flux during the ultrafiltration of sugar juice. To make membrane separation process practically applicable, permeate flux should be increased. Among all the hydrodynamic methods used for improving mass transfer in cross flow membrane filtration, an increase in cross flow velocity represents the simplest way to create turbulence and reduce membrane fouling. Such an increase in cross flow velocity and thus enhanced permeate fluxes has been obtained by applying static turbulence promoters with or without superimposing pulsations for creating unsteady flow (Krstić et al., 2006) . Kenics static mixers are the most common static mixers applied in the industry. Some studies on the use of Kenics static mixers, as turbulence promoters in cross flow membrane process, have been reported in the literature (Šereš et al., 2006a) . A significant decrease of a gel layer concentration at the membrane surface has been observed (Vatai & Tekić, 1995) . On the other hand, increased power consumption for fluid flow was required because of the increase of pressure drop along the membrane module with inserted static mixer. Most of these techniques are applied to ceramic membranes. Only a few investigations were reported on the problem of ultrafiltration of sugar juice in the presence of static mixer as turbulence promoter (Šereš et al., 2005; Šereš et al., 2006a; Šereš et al., 2006b ). We will present some results (at laboratory level) related to the removing undesired molecules from the sugar juice by the use of ceramic membranes, with and without presence of static mixer, under various working conditions. The process efficiency is quantified through the achieved values of permeate flux and its colour, while the working factors were: fluid flow rate, temperature, trans-membrane pressure and process duration. As treated raw sugar syrup (ca. 60% dry substance) belongs to viscous fluids, static mixer was expected to improve the permeate flux as well as the separation process as a whole.
Material and Methods
Non-affinated sugar from the 2nd stage of crystallization, diluted to 60 o Bx of dry matter, was used as material for the investigation of coloured matter separation by UF and for examining the influence of static mixer on the separation process. Its basic characteristics corresponded to regular technological quality (Reinefeld & Schneider, 1978) ; its colour was 1957 and its purity was 98.51%. The laboratory UF equipment was set up at the Faculty of Food Industry, "Corvinus" University in Budapest. The flow diagram of the setup is shown in Fig. 1 . Fig. 1 . Laboratory setup for ultrafiltration: 1 -feed tank, 2 -thermostat, 3 -pump (0.25 kW), 4 -module with membrane, 5 -vessel for permeate, 6 -vessel for retentate, 7, 8, 9 -valves, 10 -thermometer, 11, 12 -manometer, 13 -rotameter
The cross-flow filtration was realized on the membrane of 20 nm pore diameter (Membralox ceramic tubular membrane, SCT, Bazet, France), made of a zirconium oxide layer on an aluminum oxide support. The membrane was a single channel type 250 mm long, with 6.8 mm inner diameter. The useful membrane surface was 4.62 x 10 -3 m 2 . The effect of turbulence promotion on filtration performances was investigated by using Kenics static mixer (FMX8124-AC, Omega), consisting of 30 elements and having aspect ratio (length to diameter) of 1. Experiments were performed in accordance with the plan presented in Table 1 , where the lower and the upper boundaries of the independent variables are given. Experiments were performed without and with the application of static mixer, i.e. in non-static mixer mode (NSM-mode) and in static mixer mode (SM-mode). A full factorial design was applied and flow rate (Q), temperature (t) and trans-membrane pressure (P) were kept at two levels, while time (τ) was continually measured together with the measurements of two dependent variables: permeate flux and colour change. The permeate colour change is expressed as a difference between the colours of the permeate and juice, divided by the colour of the initial juice. The colour is quantified by the absorbance, measured on a spectrophotometer at 420 nm. As for the reproducibility of the results only those measurements were repeated (more than two times) which gave significantly different values when twice repeated.
Results and Discussion
The results of the investigations are presented in Figs. 2-8 . The experimental values of the presented variables were taken at the beginning and at the end of ultrafiltration process, after 0.5 h and after 2 h. In this way, the process could be analyzed in real time and more accurate conclusions could be drawn. From the Fig. 2 , it can be seen that the greatest flux, through the ceramic membrane without static mixer, could be reached at temperature of 80 o C, flow rate 400 L h -1 and pressure of 10 bar, after 0.5 h of ultrafiltration. It can also be seen that the best flux through the membrane supplied by static mixer could be reached under the same conditions. Also, when the pressure was held at 6 -10 bar and when the flow rate was lower than 100 L h -1 , permeate flux (in SM-mode of operation) got high value. Comparison of fluxes typical of NSM-and SM-mode of operation, at the beginning of process, did not show significant difference. In Fig. 3 , fluxes at the end of ultrafiltration process were presented. Trends similar to those at the beginning were noticed, but after 2 h lower absolute values of fluxes were achieved in both modes. However, it could be concluded that about 30% higher flux was reached in the presence of static mixer, at lower transmembrane pressure, which is important for energy saving. Flux values measured at 70 o C, which were not graphically presented due to limited space, were higher in SM-mode of operation as follows: i) 50% after 0.5 h, ii) 60% after 1 h and iii) 65% after 2 h. As expected, static mixer has great effect on ultrafiltration of juice with higher viscosity.
www.intechopen.com . These values could be reached at NSM-mode, while pressure was held at 6 bar and flow rate has value lower than 250 L h -1 . However, in the presence of static mixer, following reduction of colour matter could be achieved: i) 45% after 0.5 h of ultrafiltration and ii) 60% after 2 h of ultrafiltration. Optimal working conditions are: flow rate between 100 -200 L h -1 and pressure above 6 bar (see Figs. 4 and 5) . Obviously, when a static mixer was used the decolourization of permeate was highly efficient. Comparison between NSM-mode and SMmode of operation leads to a conclusion that SM-mode gives greater effects, 30% after 0.5 h and 55% after 2 h. Analysis of the diagram in Fig. 6 . showed that the juice colour decreased from 1080 IU to 750 IU. On the other hand, the retentate colour increased up to 1200 IU. At the same time, the permeate purity (defined as a ratio obtained by dividing the measured values of sucrose and quantity of dry matter content) increased from 98.9% to 99.7%, while the retentate purity decreased from 98.9 to 97%. Such a change of purity shows that membrane with 20 nm pore sizes does not reject sucrose molecules and there is no change in permeate dry matter content (because the main part of dry matter is sucrose).
www.intechopen.com When static mixer was used, the decolourization of permeate was more efficient (see Fig. 7 .). The permeate colour decreased for about 50% while its purity increased for 2%. The difference between pressures at opposite sides of the UF-module, as a function of average working pressure, is shown in the case of SM-mode of operation at 80 o C in Fig. 8 . It is interesting to observe that an increase of flow rate from 25 to 400 L h -1 causes an increase of the pressure difference from 0.1 to 3.7 bar. It could be concluded that flow rate has significant influence on the ultrafiltration when static mixer is used. High pressure drop along the length of the membrane (Fig. 8.) and therefore the increase in energy consumption per unit volume of permeate (E) is usually the main disadvantage of configurations with static turbulent promoters. The loss of hydraulic pressure (HP), due to the pressure drop along the length of the membrane in the SM-mode and NSM-mode of operation, is presented in Table 2 . It is obtained by multiplying the pressure drop along the length of the membrane to the liquid velocity. As it is obvious, the loss of hydraulic pressure is much greater in the ultrafiltration process performed without static mixer compared to the process with the mixer at the same flux values. Namely, when static mixer is used higher fluxes can be achieved at lower velocities. At lower velocity, the pressure drop has also lower value. When the permeate flux increases the loss of hydraulic pressure in NSM-mode and SM-mode become similar.
The results of an analysis of energy consumption per unit volume of permeate (E), in both modes of operation, are presented in Table 2 as well. Finally, the energy reduction (ER) for the sake of using static mixer is given. As it is obvious from 
Conclusion
The data collected on the impact of the traditional sugar beet processing on the environment pollution have shown that the greatest disadvantage is related to very high amount of required energy (mostly for the evaporation). The second important disadvantage is associated with the high level of water consumption (mostly for the extraction). The third disadvantage is connected to the purification of sugar juice and removal of non-sucrose compounds, undesired from the point of view of sugar quality. This chapter is related to the third disadvantage, which can be avoided or at least decreased by introducing environmentally friendly operation-membrane separation, instead of traditional operationpurification by chemically induced precipitation of undesired macromolecules.
Membrane separation is applied in food and chemical industry for several decades but its application in purification of sugar juices is still under investigations. Aware of the fact that membrane separations have great potential, many scientists are dealing with their adjustment to the requirements of sugar-industry. This chapter offers a review of results on the purification of sugar-beet juices and sugar-cane juices by membrane separations, mostly at a laboratory level. Despite the encouraging character of these results, very few large-scale membrane separation processes have been applied in the sugar industry worldwide. The reason lies in the fact that some weaknesses of the membrane separation processes have to be reduced before the separation can be applied on a large-scale. One of the greatest weaknesses is a gradual decrease of permeate flux through membrane caused by the precipitation of rejected macromolecules on the membrane surface. Among all the hydrodynamic methods used for improving mass transfer in membrane filtration, an increase in flow velocity represents the simplest way to create turbulence and reduce membrane fouling. Such an increase can be o b t a i n e d b y a p p l y i n g s t a t i c t u r b u l e n c e promoters-static mixers. Some of our results on static mixer application together with the results on the same system without mixer application are presented comparatively. It is concluded that this kind of improvement makes membrane separation process closer to its industrial application which is highly desired from the point of view of environment protection.
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